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ABSTRACT
The relative importance of different risk-factors for Campylobacter infections and the role of bacterial strain
and host characteristics are uncertain. Swimming in natural sources of water was recently described as a
novel independent risk-factor for domestically-acquired Campylobacter infections. The present study
investigated exposure factors and demographical characteristics (collected in a questionnaire), and
determined whether Campylobacter jejuni serotypes could be linked to each other or to the severity of the
disease in domestically-acquired sporadic C. jejuni infections during a seasonal peak in Finland.
Swimming was associated positively with an age of £ 5 years, and C. jejuni serotype Pen 6,7 was found
significantly more frequently among patients who reported swimming. The geographical distribution
among serotypes differed, in that 54% of the isolates belonging to the Pen 4 complex serotype were
identified in the Helsinki area, and 74% of the Pen 21 isolates were from the Kuopio area. Pen 57 was
associated with a disease of shorter duration, but no serotype could be linked to hospitalisation or
antimicrobial therapy. However, advanced agewas associatedwith hospitalisation and a longer period of
hospitalisation. Risk-factors and sources of infection for C. jejuni infection may not be identical for all
individuals. This study supports the concept that individuals belonging to different age groups and
living in different geographical areas may acquire C. jejuni infections from different sources.
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INTRODUCTION
Campylobacter jejuni and Campylobacter coli are the
leading causes of human bacterial gastroenteritis
in developed countries such as Finland [1–3].
Most human cases of Campylobacter infection are
sporadic, but a seasonal peak during the summer
months has been observed in several countries
[1,2,4–6]. Risk-factors for acquiring Campylobacter
infection may be associated with the human host,
with environmental exposure, or with the biology
and ecology of the pathogen itself. Case-control
studies have identified a variety of risk-factors,
including handling and eating poultry meat
[1,3,4,7–11], eating raw or undercooked meat
(mostly chicken) [1,4,9,12,13], drinking unpasteur-
ised milk [1,3,4,7,13] or untreated water
[1,3,4,9,12], contact with domestic animals
[1,3,4,8–11], travelling abroad [1,3,4,10,11,13],
and previous treatment with omeprazole [11,14].
Furthermore, in a recent study, swimming in
natural sources of water was shown to be a novel
risk-factor for Campylobacter infection [12]. How-
ever, there is still considerable uncertainty as to
the relative importance of the different risk-
factors [4,5,15]. The role of bacterial strain and
host characteristics in the acquisition of Campylo-
bacter infection is largely unknown.
The factors that may influence the outcome of
Campylobacter infection, e.g., length of disease, a
need for treatment with antimicrobial agents and
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hospitalisation, have not been properly elucida-
ted. Certain Campylobacter serotypes have been
reported to be associated with complications
following gastroenteritis; thus, heat-stable sero-
type 19 has been associated with Guillan–Barre´
syndrome [16], and serotype 2 with Miller–Fisher
syndrome [16]. However, it has not been possible
to link any specific C. jejuni serotypes to the
severity of acute diarrhoeal disease.
The present study aimed to determine whether
a particular C. jejuni serotype, exposure factors or
demographical characteristics were associated
with each other or with the severity of disease
in domestically-acquired sporadic C. jejuni infec-
tions during a seasonal peak in Finland.
MATERIALS AND METHODS
This was a multicentre cross-sectional study of sporadic
domestically-acquired Campylobacter infections during a sea-
sonal peak (1 July to 30 September 2002) [12]. Three clinical
microbiology laboratories, serving both rural and urban areas,
participated. Outpatients and hospital patients were included
if they had not travelled abroad in the 2-week period before
their illness, and if their stool culture was positive for C. jejuni.
Details of the disease, and information concerning the 2-week
period before illness with respect to travel in Finland and
abroad, dietary intake (meat, fish, vegetables, fruit and dairy
products), source of drinking water, contact with pets and
other animals, and swimming in water from natural sources,
were collected via a questionnaire sent to the patients, as
described in the case-control study published previously [12].
Stool isolates, cultured originally in the participating
laboratories, were all collected and stored at ) 70C before
further analysis. C. jejuni isolates were serotyped as described
previously [17,18], using commercially available antisera
(Campylobacter Antisera Seiken Set; Denka Seiken, Tokyo,
Japan) based on heat-stable Penner’s antigens.
Originally, 208 cases of Campylobacter infection, verified by
stool culture, were identified, and 151 (73%) patients com-
pleted the questionnaire. The final analysis included 114
patients, most of whom had also participated in the original
case-control study [12]. The 37 patients excluded had either
travelled abroad (ten cases), had failed to provide information
on travel abroad (three cases), had misunderstood the ques-
tionnaire (four cases), had a stool culture that yielded C. coli
(one case), or yielded isolates with unidentifiable serotypes (19
cases). Of the 19 unidentified serotypes, eight isolates were not
available for serotyping, ten isolates did not react with the
antisera tested, and one isolate had a mixed serotype. All cases
were sporadic and were not associated with an outbreak. The
Ethics Committee of the Hospital District of Helsinki and
Uusimaa approved the study.
For categorical variables, the z-test, Pearson’s chi-square
test, Fisher’s exact test and linear-by-linear tests were used, as
appropriate. Depending on the distribution, the t-test, ANOVA
or the Mann–Whitney U-test were used for continuous
variables. For associations, Pearson’s correlation coefficient
and linear regression were used. For calculation of OR and
95% CIs, logistic regression was used. All variables that were
significant by univariate analysis were included in the multi-
variate models. All p values reported are two-sided, with
p < 0.05 considered to be statistically significant. All statistical
analyses were carried out using SPSS v.11.5 (SPSS Inc.,
Chicago, IL, USA).
RESULTS
All but one of 114 patients (99.1%) reported
having diarrhoea. There were 39 (34.2%), 53
(46.5%) and 22 (19.3%) patients from the Hel-
sinki, Kuopio and North Karelia areas, respect-
ively. The median age of the patients was 50
(range 1–88) years, and 35 (30.7%) patients were
aged ‡ 60 years; the median ages in the three
regions did not differ statistically, but the patients
in the study were slightly older than the general
population in the three regions (p < 0.0001, t-test).
Males (48.2%) and females (51.8%) were repre-
sented equally; this was also true for the general
population in all three of the study regions.
However, the distribution of males and females
among the three centres was uneven (p 0.0020,
Pearson’s chi-square), in that there was a higher
number of females in the Helsinki area (27 ⁄ 39,
69.2%; p 0.0314, z-test) and of males in the North
Karelia area (17 ⁄ 22, 77.3%; p 0.0098, z-test) com-
pared with the general population in these two
regions. Stool samples were collected during July
(68 cases, 59.6%), August (37 cases, 32.5%) and
September (nine cases, 7.9%).
The duration of the illness (mean 8.4 days,
range 2–31 days) was 2–5 days, 6–10 days and
> 10 days in 23 (20.2%), 58 (50.9%) and 26 (22.8%)
patients, respectively. Exposure factors, demogra-
phical characteristics and the month when the
stool sample was collected were not associated
with the duration of disease.
In total, 82 exposure factors were analysed.
Several exposure factors clearly differed among
the age groups. Intake of medication (other than
antimicrobial or acid-reducing agents) before
becoming ill was less common in the group aged
18–39 years (3 ⁄ 28, 10.7%), and was more common
than expected in the group aged ‡ 60 years
(25 ⁄ 35, 71.4%; p < 0.0001). Swimming was more
common than expected among children aged 0–
5 years (4 ⁄ 4, 100%), and was less common than
expected in the group aged ‡ 60 years (10 ⁄ 35,
28.6%; p 0.0480) (Fig. 1). Consumption of chicken
(p 0.0380) and eating outside the home (p 0.0001)
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were more common than expected in the group
aged 18–39 years (24 ⁄ 30, 80.0%, and 29 ⁄ 31,
93.5%, respectively), and were less common than
expected in the group aged ‡ 60 years (15 ⁄ 31,
48.4%, and 16 ⁄ 35, 45.7%, respectively).
Of the 114 patients included in this study, 86
(75.4%) received antimicrobial treatment for Cam-
pylobacter infection, and 26 were not treated with
antimicrobial agents; information was missing for
two cases. Macrolides were used most frequently
(34 patients, 39.5%); 21 (24.4%) patients received
roxithromycin, seven (8.1%) erythromycin, four
(4.7%) azithromycin, and two (2.3%) clarithro-
mycin. Fluoroquinolones were used to treat 31
(36.0%) patients, six (7.0%) patients received
combination therapy, and three (3.5%) were
treated with metronidazole. Data concerning
antibiotic therapy were missing for 11 (12.8%)
patients. The duration of antibiotic therapy varied
from 3 to 14 days, but antimicrobial therapy did
not affect the duration of the disease (7 days for
both treated and untreated patients). When expo-
sure factors were considered, antibiotic treatment
in the 2-week period before becoming ill (9 ⁄ 114,
7.9%) was associated with less frequent use of
antimicrobial agents during the illness itself (5 ⁄ 9,
55.6%; OR 0.195, 95% CI 0.048–0.796; p 0.023).
In total, 54 (47.4%) patients required hospital-
isation (mean 3.8 days, range 1–8 days) because
of Campylobacter infection. In univariate analysis,
hospitalisation was more common among elderly
patients (OR 1.034, 95% CI 1.013–1.056; p 0.0020),
patients whose stool sample was collected in
July (37 ⁄ 54, 68.5%; OR 9.9, 95% CI 1.17–83.35;
p 0.0360), and patients who reported having
eaten strawberries (41 ⁄ 50, 82.0%; OR 2.85, 95%
CI 1.143–7.091; p 0.0250). Hospitalisation was
less frequent among patients who had been
drinking water produced by a large water plant
(23 ⁄ 59, 39.0%; OR 0.469, 95% CI 0.219–1.001;
p 0.050). However, following multivariate analy-
sis, only age remained associated independently
with hospitalisation (OR 1.040, 95% CI 1.016–
1.066; p 0.0010), so that when age increased by
1 year, hospitalisation increased by 4.0%. There
was no correlation between hospitalisation and
the duration of illness (p 0.507, Mann–Whitney
U-test).
By univariate analysis, the time spent in hospi-
tal was longer for patients who reported eating
strawberries during the 2-week period before
becoming ill (p 0.0230, Mann–Whitney U-test),
with the mean durations being 3.9 and 3.3 days,
respectively, for those who had (73 ⁄ 102, 71.6%)
and had not (29 ⁄ 102, 28.4%) consumed strawber-
ries. In contrast, drinking water produced by a
large water plant was associated with a shorter
period of hospitalisation (p 0.0390, Mann–Whit-
ney U-test), with the mean periods being 3.5 and
4.0 days, respectively, for those who had (59 ⁄ 111,
53.2%) and had not (52 ⁄ 111, 46.8%) consumed
water from the plant. The period of hospitalisa-
tion was longer for elderly patients (p < 0.0001,
Pearson’s correlation coefficient = 0.369). By mul-
tivariate analysis, only age remained associated
independently with an extended hospitalisation
period (p < 0.0001, Wald’s test), and consumption
of strawberries showed a tendency to be associ-
ated with a longer hospitalisation period (p 0.088,
Wald’s test).
The present study identified 12 serotypes, of
which the Pen 4 complex, Pen 6,7 and Pen 21
were predominant, accounting for 22.8%, 21.1%
and 16.7% of the isolates, respectively (Table 1).
The geographical distribution differed among
serotypes, in that 54% of the isolates belonging
to the Pen 4 complex were found in the Helsinki
area, and 74% of the Pen 21 isolates were from
the Kuopio area (Table 1). In addition, the
monthly distribution differed among serotypes,
with a higher than expected number of isolates
with serotype Pen 6,7 (19 ⁄ 24, 79%) detected in
July (p < 0.0001, exact chi-square test) and of
isolates with Pen 21 (12 ⁄ 19, 63%) in August
(p 0.0070, exact chi-square test). Patients infected
with Pen 2 isolates had a mean age of 25.2 (range
15–48) years, whereas those infected with Pen 57
isolates were older, with a mean age of 57.4 (range
33–79) years.
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Fig. 1. Age distribution of Campylobacter-positive cases in
Finland who reported swimming during a seasonal peak
of infection between 1 July and 30 September 2002.
Swimming was more common than expected among
children aged 0–5 years and less common than expected
in the group aged ‡ 60 years (p 0.0480, Fisher’s exact test).
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Of the exposures analysed, recreational use of
natural sources of water was associated with
Pen 6,7 isolates (15 ⁄ 24, 62.5%; p 0.0351, exact chi-
square test). However, patients who acquired
isolates belonging to the Pen 4 complex reported
swimming less frequently than expected (6 ⁄ 26,
23.1%; p 0.0406, exact chi-square test). Further-
more, Pen 57 isolates (n = 5) were associated with
a shorter duration of disease (p 0.0052, linear-by-
linear test), with 80% (four patients) of the cases
reporting a disease duration of 2–5 days, and
none having disease lasting > 10 days. The sero-
type was associated neither with antibiotic treat-
ment nor with hospitalisation and its duration. In
addition, tasting or eating undercooked or raw
meat, or drinking water from a dug well, both of
which were independent risk-factors in the recent
study [12], were not associated with a particular
serotype.
DISCUSSION
The relative importance of the various risk-factors
identified for Campylobacter infection in sporadic
cases is unknown. Several sources andpathways of
infection exist, but their role may vary in different
patient groups. The present study suggests that
individuals from different geographical areas and
age groups may have acquired C. jejuni from
different sources. This hypothesis is supported
by the distribution of exposure factors and
C. jejuni serotypes among the different groups of
individuals.
Swimming in natural sources of water has been
shown to be an independent risk-factor for
Campylobacter infection during summer in Finland
[12]. In the present study, it was shown that,
among the Campylobacter-positive subjects stud-
ied, swimming was significantly more common
among children aged £ 5 years than in other age
groups. Campylobacters are common in natural
sources of water [19–21]. July is the most popular
holiday season in Finland, and recreational use of
water for bathing is very popular during this
month. As swimmers tend to swallow small
volumes of water while swimming [22,23], and
the infectious dose for causing disease is thought
to be low [24], swimming may be an especially
important risk-factor for Campylobacter infection
among very young patients. In contrast, individ-
uals aged ‡ 60 years reported swimming less
often during the study period than the younger
age groups, suggesting that other risk-factors may
be more relevant for this particular group of
Campylobacter patients. The importance of diverse
risk-factors in different age groups was also
supported by the finding that consumption of
chicken and eating outside the home were signi-
ficantly more common in certain age groups.
Almost half (47%) of the patients in the present
study were admitted to hospital because of
Campylobacter infection. This is a high proportion
compared with a recent report showing hospital-
isation of only 8–15% of patients [6]. The present
high level of hospitalisation may be explained by
the age distribution, since 31% of the patients
were aged ‡ 60 years. Campylobacter affects indi-
viduals of all ages, and the disease shows two age
peaks, one in children aged < 4 years, and a
second among young adults aged 15–44 years
[1,3,6]. The high number of elderly Campylobacter
patients may be typical for Finland, and the
present finding confirmed the results of an earlier
study in which high rates of domestically-
acquired Campylobacter infection were demonstra-
ted among elderly individuals studied during the
same period as that used in the present study [18].
In the present study, age was the only factor
associated independently with hospitalisation;
thus, when age increased by 1 year, hospitalisa-
tion increased by 4%. This supports previous
findings indicating that patients aged ‡ 60 years
are more likely to be hospitalised than younger
individuals [6]. The mean hospitalisation period
in the present study was 3.8 days, compared to
the period of 4.6 days reported in the FoodNet
study [6]. In the present study, old age was also
Table 1. Geographical distribution of Campylobacter jejuni
serotypes among domestically-acquired sporadic infec-
tions in Finland between 1 July and 30 September 2002
Serotype
Helsinki
area
n (%)
Kuopio
area
n (%)
North Karelia
area
n (%)
Total
n (%)
Pen 1,44 4 (67) 1 (17) 1 (17) 6 (5)
Pen 2 0 (0) 4 (80) 1 (20) 5 (4)
Pen 4 complex 14 (54)a,b 10 (38) 2 (8) 26 (23)
Pen 5 1 (50) 1 (50) 0 (0) 2 (2)
Pen 6,7 10 (42) 9 (38) 5 (21) 24 (21)
Pen 12 1 (25) 3 (75) 0 (0) 4 (4)
Pen 15 0 (0) 2 (33) 4 (67) 6 (5)
Pen 19 1 (50) 0 (0) 1 (50) 2 (2)
Pen 21 3 (16) 14 (74)a,c 2 (11) 19 (17)
Pen 27 3 (30) 3 (30) 4 (40) 10 (9)
Pen 55 1 (20) 3 (60) 1 (20) 5 (4)
Pen 57 1 (20) 3 (60) 1 (20) 5 (4)
Total 39 (34) 53 (47) 22 (19) 114 (100)
aExact chi-square test for even distribution.
bp 0.0123.
cp 0.0007.
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associated independently with a longer period in
hospital. Although it would be especially import-
ant to focus on preventive measures for Campy-
lobacter infection among the older age group, no
risk-factors were associated with old age in the
present study.
Most (75.4%) patients were treated with anti-
microbial agents. Macrolides were the agents used
most frequently (40.7% of cases), but fluoroqui-
nolones were used almost as frequently (36.0%).
Although macrolides are the drugs of choice for
the treatment of Campylobacter enteritis, fluoroqu-
inolones may also be used in domestically-
acquired cases, as resistance to fluoroquinolones
has remained at a low level among Campylobacter
isolates acquired in Finland [25]. The relevance of
the finding that antimicrobial treatment in the
2-week period before becoming ill was associated
with less frequent use of antibiotics for Campylo-
bacter infection remains to be investigated.
Of the 12 serotypes identified, the Pen 4
complex, Pen 6,7 and Pen 21 accounted for
60.6% of the cases. In a previous study, the
Pen 4 complex and Pen 6,7 were among the three
most common serotypes, and Pen 12, instead of
Pen 21 in the present study, also belonged to the
predominant groups [18]. It seems that a few
predominant serotypes of C. jejuni account for
most domestically-acquired infections, but that
their relative importance may vary from year to
year [26,27].
The geographical distribution of Campylobacter
infections varies [6,18], and an urban–rural gra-
dient has been described for several countries
[28–30]. As environmental factors, e.g., the water
supply, can be important risk-factors for Campy-
lobacter infection [12,31], they may influence this
distribution pattern. In the present study, the
geographical distribution of certain serotypes
varied, with the Pen 4 complex predominating
in the more urban Helsinki area, and Pen 21 in
the more rural Kuopio area. This may indicate
different sources of infection in different geo-
graphical areas. Significant differences in the
temporal distribution of the serotypes were also
apparent. Pen 6,7 was especially common in July,
as also shown in earlier studies of patients with
domestically-acquired infections during 1999
[18,27], whereas Pen 21 was significantly more
frequent in August. This implies a temporary
fluctuation of C. jejuni types in the environment
and in human infections.
In earlier studies, serotypes have been linked
rarely to specific risk-factors, although Pen 6 has
been associated with drinking bird-contamin-
ated milk [15]. In the present study, swimming
in natural sources of water was associated with
Pen 6,7. This is in line with the finding that
Pen 6,7 was especially common during the July
vacation season. Pen 6,7 has often been found in
July in chicken [32] and in human infections
[18], suggesting that this serotype is persistent
in Finland and is distributed in the environ-
ment, including natural sources of water.
C. jejuni Pen 12 has been a predominant sero-
type in previous studies [18], and has also been
associated with three reported waterborne out-
breaks in Finland [33]. However, in the present
study, Pen 12 was detected only rarely (four
cases) and was not associated with water. Pen 2,
which is common in many other countries
[34,35], represented only 4.4% of the isolates
in the present study. Pen 2 has been associ-
ated with younger age groups among Finnish
patients [18], and the present study found that
patients infected with Pen 2 had the lowest
mean age (25.2 years). However, no specific
exposure factors could be linked to Pen 2.
Although none of the serotypes was linked
directly to the severity of the infection, Pen 57
was associated with a shorter duration of
disease. Although this study comprised 114
patients, when they were divided into 12
groups according to serotype, the frequency of
cases in each group was too low to allow
multivariate analysis.
In conclusion, the present study suggests that
there are different sources of C. jejuni infection
among different geographical areas and age
groups. This is supported by the variety of
exposure factors, e.g., swimming, and C. jejuni
serotypes among these different patient groups.
Further studies are required to clarify the role of
the different sources of infection.
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